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SECTION  1.  INTRODUCTION 


1 . 1  BACKGROUND 

The  US  Army  initiated  research  on  silicone  brake  fluids  in 
1967.  Satisfactory  completion  of  a  large  number  of  laboratory  and 
field  tests  (reported  in  ref  2  and  3)  showed  that  the  silicone  fluids 
possessed  many  desirable  physical  and  chemical  properties  with  respect 
to  power  transmission  in  brake  systems.  Subsequently  a  specification 
was  published  (ref  4)  which  is  expected  to  replace  three  existing 
military  brake  fluid  specifications  (ref  5,  6,  7). 

Military  vehicle  developers,  test  engineers,  automotive  manufac¬ 
turers,  and  the  Society  of  Automotive  Engineers  identified  an  area  of 
basic  study  which  should  be  accomplished  before  the  new  technology 
could  be  fully  accepted.  This  area  of  concern  involved  the  compatibility 
of  silicone  brake  fluids  with  the  elastomers  which  are  found  in  various 
vehicle  systems.  In  order  to  resolve  these  concerns  and  to  corroborate 
the  validity  of  basic  laboratory  and  field  tests,  an  in-depth  study  of 
silicone  fluid/elastomer  compatibility  was  authorized  by  the  Department 
of  the  Army's  In-House  Laboratory  Independent  Research  Program.  Findings 
from  this  study  will  be  applied  to  analysis  of  failures  occurring  in 
production,  and  in  experimental  and  developmental  vehicles  undergoing 
tests  at  Army  test  sites.  Results  of  the  investigation  will  aid  brake 
system  design  engineers  and  brake  fluid  manufacturers  in  their  evalua¬ 
tion  of  the  performance  of  the  new  silicone  brake  fluids. 


1 . 2  OBJECTIVES 

a.  To  identify  possible  problem  areas  involving  compatibility 

of  silicone  fluids  with  the  many  elastomers  which  are  found  in  military 
vehicular  and  weapons  systems. 

b.  To  investigate  the  effect  of  silicone  and  conventional  brake 
fluid  mixtures  on  elastomers  found  in  vehicular  brake  systems;  to 
investigate  the  effect  of  silicone  brake  fluid  contaminants  on  automotive 
brake  systems  elastomers. 

1.3  SUMMARY  OF  INVESTIGATION 

More  than  1500  comparative  immersion  tests  were  conducted  at 
temperatures  ranging  from  -18  to  120°  C  (0  to  248°  F)  with  14  different 
elastomers  and  5  different  brake  fluids.  Test  Report  APG-MT-5351,  dated 
February  1980  (ref  8)  outlined  preliminary  findings.  This  report  con¬ 
tains  the  summary  of  all  findings  included  in  the  studv.  The  silicone 
brake  fluid  performed  as  well  or  better  than  conventional  fluid  in  all 
tests  involving  vehicle  brake  system  elastomers.  Tests  on  mixtures 
of  conventional  and  silicone  brake  fluids  did  not  reveal  anv  serious 
deficiencies  which  would  lead  to  brake  malfunction. 


1.4  CONCLUSIONS 


It  is  concluded  that: 

a.  The  use  of  silicone  brake  fluids  in  the  brake  systems  of 
military  vehicles  will  not  adversely  affect  brake  performance  from  the 
standpoint  of  fluid/elastomer  compatibility  (para  2.1,  2.2,  and  2.3). 

b.  Brake  performance  of  systems  in  which  silicone  brake  fluid  and 
conventional  brake  fluid  become  inadvertantly  mixed  will  operate  normally 
with  no  fluid/elastomer  related  problems  (para  2. 2d,  2.2g). 

c.  Contaminants  in  silicone  brake  fluids  such  as  engine  oils, 
petroleum  base  hydraulic  fluids,  shock  absorber  fluids,  etc.,  will 
cause  undesirable  attack  on  brake  system  elastomers,  which  will  lead 
to  brake  failures  (para  2.2f). 

d.  The  same  class  of  contaminants  (conclusion  c)  in  conventional 
fluids  will  also  cause  brake  failures  (para  2.2f). 

1 . 5  RECOMMENDATIONS 

It  is  recommended  that  silicone  brake  fluid  be  placed  in  military 
vehicle  brake  systems  at  the  earliest  possible  date. 


1.6  INTERPRETATION  OF  ACCOMPLISHMENTS 

The  weight  of  laboratory  and  field  performance  data  generated  by 
the  Army  (ref  2  and  3)  substantiates  the  proposed  changeover  from  poly¬ 
glycol  brake  fluids  to  silicone  brake  fluids.  The  references  show 
conclusively  that  the  advantages  of  silicone  fluids  are  significant. 

The  present  ILIR  study  (para  2.1,  2.2,  2.3)  shows  that  previously 
questioned  areas  of  silicone  brake  fluid/elastomer  compatibility  and 
effect  of  silicone/conventional  brake  fluid  mixtures  on  elastomers  do 
not  pose  a  problem  in  brake  performance.  There  appears  to  be  no  valid 
technical  reason  to  preclude  the  entry  of  silicone  brake  fluid  into 
the  Army  inventory. 
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SECTION  2.  DETAILS  OF  INVESTIGATION 
2.1  MATERIALS  TESTED 

Tests  reported  herein  were  conducted  on  representative  silicone 
brake  fluids  listed  in  table  2-1.  SAE  brake  fluid  RM  66-03,  a  conven¬ 
tional  polyglycol  fluid,  was  used  for  comparison  purposes.  Fourteen 
automotive  elastomers  were  used  in  the  study  (table  2-2). 


Fluids 


TABLE  2-1.  FLUIDS 
_ Type 


Code  A 
Code  B 
Code  C 
SAE  RM  70 
SAE  RM  66-03 


S' licone 
Sili cone 
Sil i cone 
Silicone 

Conventional  polyglycol 


TABLE  2-2 .  EI.ASTOMERS 


Elastomer  Type 

Use 

Shore  "A" 
Du ro me to r 
Hardness 

SBR  (Styrene  butadiene 

Wheel  cylinder  cups 

50 

rubber) 

SBR 

Master  cylinder  seals 

70 

SBR  (SAE) 

Disk  brake  seals 

70 

EPDM  (ethylene  propylene 

Disk  brake  seals 

70 

rubber) 

EPDM 

Brake  valve  parts  and 
seals 

80 

EPDM  (SAE  RM  69) 

Referee  test  slabs 

70 

Vi  ton 

0- rings 

70 

Silicone  rubber 

Seals  and  0-rings 

60 

NR  (natural  rubber  based 

Referee  test  slab 

60 

on  SAF.-ISO- 1 ) 

BUNA-N,  33%  ACN 

Automotive  parts 

60 

(nitrile  rubber) 

BUNA-N,  21%  ACN 

Automotive  parts 

70 

BUNA-N,  41%  ACN 

Automotive  parts 

70 

Neoprene  (SAE  RM  68) 

Brake  hose 

70  to 

80 

Chlorobutyl  rubber 

Master  cylinder  dia¬ 
phragms 

60 

was 


...A 
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2.2  IMMERSION  TESTS 


Eleven  series  of  immersion  tests  were  conducted  during  the  in¬ 
vestigation.  One-inch  slabs  of  each  of  the  elastomers  were  washed 
with  isopropyl  alcohol  and  weighed  in  air  and  water.  The  hardness 
was  determined  using  a  Shore  "D"  durometer.  Test  slabs  were  immersed 
In  each  of  the  fluids  (in  duplicate)  under  the  following  conditions: 

a.  Test  No.  1.  This  test  was  conducted  at  ambient  conditions. 

Test  jars  were  stored  on  the  laboratory  shelf.  Rubber  specimens  were 
removed  after  1  week,  3  weeks,  2  months,  6  months,  and  12  months;  the 
specimens  were  wiped  with  a  clean  lint-free  cloth,  weighed  in  air  and 
water  to  determine  change  in  volume,  and  the  hardness  was  measured. 

After  each  storage  period  the  specimens  were  examined  for  evidence  of 
disintegration  and  then  placed  back  in  the  test  jar. 

b.  Test  No.  2.  This  test  was  conducted  at  70°  C  (158°  F) .  Rubber 
specimens  were  removed  after  3  days  and  7  days.  Test  jars  were  removed 
from  the  oven  ar.d  allowed  to  cool  for  30  minutes.  The  rubber  specimens 
were  then  removed,  wiped  with  a  clean  cloth,  weighed  in  air  and  water  to 
determine  volume,  and  the  hardness  was  determined;  the  specimens  were 
examined  for  disintegration,  and  after  the  three  day  inspection  placed 
back  in  the  test  jar;  jars  were  placed  back  in  the  oven;  after  the  7-day 
inspection  the  fluids  were  visually  examined  for  excessive  sediment 
buildup . 

c.  Test  No.  3.  This  test  was  identical  to  Test  No.  2  (para  2.2b) 
except  that  the  test  temperature  was  120°  C  (248°  F)  .  Rubber  specimens 
were  examined  after  3  days  and  7  days. 

d.  Test  No.  4.  In  this  test  each  of  the  silicone  fluids  was  mixed 
with  an  equal  quantity  of  the  conventional  fluid  and  placed  in  the  test 
jars.  The  two  fluids  were  not  miscible  so  they  separated.  The  volume 
and  hardness  of  two  rubber  test  specimens  was  determined.  One  specimen 
was  placed  in  the  lower  fluid  layer  (conventional  fluid) .  and  one 
specimen  was  suspended  horizontally  in  the  top  fluid  layer  (silicone) . 

The  jar  was  stored  on  the  laboratory  shelf  at  ambient  temperature.  The 
volume  and  hardness  of  each  of  the  two  rubber  test  specimens  was  measured 
and  examined  after  2  weeks,  8  weeks,  6  months,  and  1  year. 

e.  Test  No.  5.  This  test  was  conducted  at  -18°  C  (0°  F) .  Test 
jars  were  removed  from  the  cold  chamber  after  2  weeks,  8  weeks,  6  months, 
and  1  year.  The  volume  and  hardness  of  rubber  specimens  was  measured 
within  10  minutes  after  the  jars  were  taken  from  the  chamber,  after 
which  the  specimens  were  examined  for  evidence  of  disintegration  and 
then  placed  back  in  the  test  jars.  Exposure  to  cold  temperature  con¬ 
tinued  until  the  end  of  the  test. 


2.2  (Cont'd) 

f.  Tests  No.  6,  6A,  7,  7A,  and  8.  These  tests  were  run  on  the 
silicone  compatibility  fluid  and  the  conventional  fluid  in  order  to 
determine  the  effect  of  some  common  automotive  contaminants  on  the 
performance  of  the  rubber.  In  tests  No.  6  and  6A,  1%  and  5%  respec¬ 
tively,  by  volume  of  petroleum  oil  conforming  to  grade  10,  MU.-I.-2 104 
(ref  9)  was  added  to  each  of  the  jars.  In  tests  7  and  7A,  1 7.  and  5% 
respectively,  of  synthetic  lubricant  meeting  MI1.-I.-46 167  (ref  10)  was 
added  to  each  of  the  jars.  In  test  8,  10%  of  hydraulic  fluid  meeting 
MIL-H-6083  (ref  11)  was  added  to  each  of  the  jars.  Each  of  these  tests 
was  stored  at  ambient  temperature  and  examined  after  1  week,  3  weeks, 

7  weeks,  6  months,  and  1  year. 

g.  Test  No.  9.  In  this  test,  conventional  fluid  was  mixed  with 
the  silicone  compatibility  fluid  to  produce  conventional  fluid  con¬ 
centrations  of  5%,  10%,  20%,  and  30%  by  volume.  Rubber  specimens  were 
immersed  as  described  in  test  No.  4  (para  2. 2d).  Four,  eight,  26  weeks, 
and  1  year  examinations  were  made. 

h.  Test  No.  10.  This  test  was  run  on  neoprene  rubber  at  100°  C 
(212°  F)  in  order  to  correlate  with  the  test  temperature  prescribed  for 
neoprene  in  silicone  brake  fluid  specifications.  Specimens  were  examined 
after  3  days  and  7  days  exposure. 

i.  Tests  No.  11  and  1 1 A.  These  tests  were  conducted  with  each  of 
the  fluids  contaminated  with  3.5%  water.  Test  11  was  run  at  70°  C 
(158°  F) .  Test  1 1 A  was  run  at  120°  C  (248°  F) .  In  each  of  these  tests, 
specimens  of  neoprene,  SBR  (70  duro) ,  EPDM  (SAE  RM  69)  and  natural  rub¬ 
ber  were  suspended  in  the  fluid/water  mixture  and  inspected  after  3  days 
and  7  days  exposure. 

j.  Test  No.  12.  In  this  test,  rubber  specimens  were  soaked  in 
conventional  fiuid  for  3  days  at  70°  C  (158°  F) .  After  3  days  the 
test  slabs  were  removed  from  the  fluid,  rinsed  in  isopropyl  alcohol 
and  wiped  with  a  clean,  lint  free  cloth.  Hardness  and  volume  measure¬ 
ments  were  taken.  The  slabs  were  then  immersed  in  the  silicone  fluids 
for  7  days  at  70°  C  (158°  F) ,  removed,  wiped  with  a  clean  Lint-free 
cloth,  and  change  in  hardness  and  volume  was  measured. 

k.  Comparison  criteria.  The  criteria  listed  in  table  2-3  were 
established  in  reference  4  to  check  performance  of  silicone  brake  fluids 
on  some  elastomers  found  in  vehicle  brake  systems.  These  criteria 

were  used  as  a  basis  for  comparing  the  performance  of  the  fluid/elastomer 
combinations  in  these  tests  witli  known  satisfactory  performance  levels. 
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TABLE  2-3.  CRITERIA  FOR  RUBBER  PERFORMANCE 
(REFERENCE  4) 


_ Immersion  Tests _ 

Type  of  Volume  Swell  Changes  In  Hardness  Test  Temp 

Rubber  (percent)  (Durometer  points)  UC  ^F 


SBR 

+5 

to  +20 

0 

to 

-10 

70 

+ 

2 

158 

+ 

3 

+5 

to  +20 

0 

to 

-15 

120 

+ 

2 

248 

+ 

3 

Neoprene 

-3 

to  +  6 

+3 

to 

-10 

70 

+ 

2 

158 

+ 

3 

-3 

to  +10 

+3 

to 

-10 

100 

+ 

2 

212 

± 

3 

EP 

0 

to  +16 

0 

to 

-10 

70 

+ 

2 

158 

+ 

3 

Natural 

+5 

to  +20 

0 

to 

-10 

70 

+ 

2 

158 

± 

3 

2.3  RESULTS  AND  ANALYSIS 

a.  Results.  Results  of  all  tests  conducted  in  this  program  are 
tabulated  in  appendix  A.  These  tables  include  all  tests  reported  in 
Partial  Report  APG-MT-5351  (ref  8)  plus  all  tests  completed  after  those 
reported  in  reference  8. 

b.  Effect  on  SBR. 

(1)  Results.  No  significant  changes  in  results  were  evident  in 
tests  involving  prolonged  storage.  In  tests  No.  11  and  1 1 A  the  silicone 
fluids  performed  satisfactorily.  The  conventional  fluid  gave  border¬ 
line  low  results.  Test  No.  12  showed  no  problems  with  SBR. 

(2)  Analysis.  The  analysis  of  SBR  performance  outlined  in  refer¬ 
ence  8  is  accurate.  The  additional  tests  included  in  this  report  did 
not  reveal  any  unsatisfactory  performance  which  would  cause  brake  system 
malfunction . 

c.  Effect  on  Neoprene  Rubber. 

(1)  Results.  After  1  year's  storage  three  of  the  silicone  fluids 
and  the  conventional  fluid  gave  high  swelling  values  at  ambient  tem¬ 
peratures.  These  high  values  also  were  evident  in  tests  involving  5% 
and  10%  mixtures  of  conventional  fluid  in  the  silicone  fluids.  Larger 
percentages  of  conventional  fluid  in  the  silicone  fluids  lowered  the 
swelling  into  the  satisfactory  range.  The  swelling  at  100°  C  (212°  F) 
followed  the  pattern  previously  reported  for  tests  at  120°  C  (248°  F) . 

The  pressure  of  water  caused  high  neoprene  swelling  in  one  of  the  silicone 
fluids  and  the  conventional  fluid;  one  silicone  fluid  was  borderline  low. 

(2)  Anal;  sis.  Swelling  values  on  neoprene  rubber  beyond  recom¬ 
mended  criteria  were  found  in  many  instances  in  the  silicone  fluids 
and  conventional  fluids.  Based  on  past  satisfactory  performance  of  the 
conventional  fluid,  even  though  swelling  occurs,  it  would  appear  that 
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2.3  (Cont'd) 

the  silicone  fluids  would  also  perform  satisfactorily.  Performance 
criteria  should  be  examined  by  rubber  technologists  and  altered  to 
reflect  the  above  findings.  Requirements  could  be  relaxed  since 
swelling/shrinkaga  values  are  not  as  critical  for  neoprene  as  those  for 
rubber  parts  which  move  during  braking  applications. 


Effect  on  EP  Rubber. 


(1)  Results.  Borderline  low  values  were  received  with  EP/convtr>~ 
tional  fluid  at  ambient  and  -18°  C  (0°  F)  temperatures.  Silicone  fluids 
performed  satisfactorily  with  EP  rubber  at  all  temperatures. 


(2)  Analysis.  No  problems  would  be  expected  in  the  use  of  silicone 
brake  fluids  with  EP  rubber.  The  amount  of  shrinkage  found  with  the 
conventional  fluid  would  not  be  expected  to  cause  poor  performance; 
recent  research  has  been  directed  toward  improving  the  cold-temperature 
properties  of  EP  rubber. 


Effect  on  Natural  Rubber. 


(1)  Results.  Temperatures  of  120°  C  (248°  F)  caused  NR  to  soften 
in  the  presence  of  the  silicone  compatibility  fluid;  other  silicones 
performed  satisfactorily  at  all  temperatures.  The  conventional  fluid 
gave  low  swelling  values  on  NR  in  most  test:,. 


(2)  Analysis.  In  the  present  study,  the  performance  of  silicone 
brake  fluids  on  natural  rubber  was  superior  to  the  performance  of  con¬ 
ventional  brake  fluids.  No  problems  would  be  expected  if  silicone 
fluids  were  used  in  brake  systems  containing  NR  (primarily  foreign 
vehicles) . 


f.  Effect  on  Butyl  Rubber. 


(1)  Results.  Neither  the  silicone  fluids  nor  the  conventional 
brake  fluid  had  much  effect  on  butyl  rubber  in  any  of  the  tests  con¬ 
ducted;  there  was  very  little  shrinkage  or  swelling. 


(2)  Analysis.  There  would  be  no  operational  difficulties  related 
to  butyl  rubber  if  silicone  brake  fluids  re;  aced  conventional  brake 
fluids  in  vehicle  brake  systems. 


Effect  on  Nitrile  Rubber. 


(1)  Results.  Extended  storage  did  not  vary  the  results  of  the 
study  on  nitrile  rubber.  Except  in  isolated  instances  the  silicone 
fluids  were  compatible  with  the  nitrile  rubber  formulations.  Conven¬ 
tional  brake  fluid  ■>' s  not  compatible. 
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2.)  (Cont'd) 

(2)  Analysis.  Nitrile  rubber  is  compatible*  with  petroleum  base 
fluids  but  incompatible  with  non-petroleum  base  fluids  such  as  the 
polyglycol  brake  fluids.  The  degree  of  compatibility  of  nitrile  rubber 
with  silicone  fluids  could  point  out  possible  areas  of  development  in¬ 
volving  these  two  materials  in  both  vehicle  systems  and  weapons  recoil 
systems . 

h.  Mixed  fluids. 

(1)  Results.  Tests  9  and  4  which  were  run  on  conventional  fluid/ 
silicone  fluid  mixtures  (5/95,  10/90,  20/80,  30/70,  50/50,  respectively) 
showed  that  quite  often  swelling  of  the  elastomers  was  of  different 
magnitude  in  eacli  fluid.  The  differences  in  swelling  caused  by  the  two 
fluids  were  all  relatively  small  and  showed  up  gradually  over  a  long 
period  of  time.  After  a  l-year  storage  period,  the  largest  distortion 
(difference  in  swelling)  in  mixtures  of  silicone  fluids  meeting  MIL-IJ- 
4(>176  and  the  conventional  fluids  was  0.8%  on  SHR,  4.3%  on  KP  rubber, 

b .  . %  on  natural  rubber,  and  1.6%  on  neoprene. 

(2)  Analysis.  When  immiscible,  silicone*  brake  fluids  and  con¬ 
ventional  brake  fluids  are  mixed,  rubber  conditioning,  additives  migrate 
from  one  fluid  to  the  other  and  contribute  to  uneven  swelling  of  rubber 
components  which  are  exposed  to  both  fluids.  This  study  has  shown  that 
brake  system  elastomer  distortion  is  not  extreme;  the  resultant  effect 
of  the  distortion  is  gradual  and  would  not  contribute  Lo  catastrophic 
brake  failure. 

i.  Effect  of  contaminants. 

(1)  Results.  Extended  storage  periods  emphasized  the  incompati¬ 
bility  of  brake  system  elastomers  with  petroleum  base  fluids  which  were 
added  as  contaminants  to  the  silicone  and  conventional  brake  fluids. 

Tn  the  tests  involving  water  as  a  contaminant,  natural  rubber  and  SBR 
showed  decreased  swelling  in  the  conventional  fluid;  neoprene  showed 
higher  swelling  values  in  the  conventional  fluid  and  tin*  silicone 
compatibility  fluid. 

(2)  Analysis.  Petroleum  base  fluids  are  the  most  consistent 
contaminants  found  in  vehicle  brake  systems.  Many  brake  failures  have 
been  documented  as  directly  attributed  to  this  type  of  contamination. 
Changing  from  the  conventional  fluid  to  silicone  fluid  will  not  allev¬ 
iate  the  problem.  Early  studies  showed  that  water  contamination  affecL 
tiie  rubber  swelling  properties  of  conventional  brake  fluids.  This  stud., 
shows  that  water  contamination  does  not  affect  the  silicone  fluid/ 
elastomer  compatibility  to  the  extent  that  it  affects  conventional 
fluid/elastomer  compatibility.  Also,  water  contamination  of  silicone 
fluids  is  less  likely  to  occur  due  to  the  hydrophobic  properties  of 

the  silicone  fluids. 


'  ,V;"'  ■. 


2.3  (Cont'd) 


j.  Effect  on  Viton  Rubber. 

(1)  Results.  Viton  was  compatible  with  silicone  fluids,  Codes  A 
and  B,  but  was  not  compatible  with  silicone  fluid  Code  C,  the  silicone 
compatibility  fluid,  or  the  conventional  fluid.  Extended  storage  did 
not  alter  preliminary  findings. 

(2)  Analysis.  Viton  rubber  is  not  used  in  brake  systems,  but 
has  other  automotive  applications.  The  compatibility  of  Viton  with 
some  of  the  silicone  fluids  is  noteworthy,  and  might  be  of  interest  to 
design  engineers  in  developmental  work  in  the  automotive  field. 

k.  Effect  on  Silicone  Rubber. 

(1)  Results.  Silicone  rubber  does  not  swell  or  soften  excessively 
in  conventional  brake  fluids.  It  is  not  compatible  with  silicone  brake 
fluids  due  to  extreme  swelling,  softening,  and  disintegration. 

(2)  Analysis.  Silicone  rubber  is  chemically  simiLar  to  silicone 
brake  fluids  and  is  not  compatible  with  the  silicone  fluids  due  to  the 
solution  effect.  The  silicone  rubber  can  be  used  in  automotive  applica¬ 
tions  such  as  radiator  hoses,  O-rings,  or  other  applications  where  it 

is  exposed  to  polar  type  fluids. 

i.  Effect  of  presoaking  in  conventional  brake  fluids. 

(1)  Results.  In  Test  No.  12,  in  which  the  rubber  test  specimens 
were  first  exposed  to  conventional  brake  fluids,  then  exposed  to  sili¬ 
cone,  no  degradation,  excessive  swelling,  or  excessive  softening  of  the 
brake  system  elastomers  was  found. 

(2)  Analysis.  In  the  recommended  changeover  from  conventional 
brake  fluids  to  silicone  brake  fluids,  a  question  was  raised  of  the 
effect  that  pre-exposure  of  elastomers  to  conventional  fluids  would 
have  on  silicone  fluid  compatibility.  Test  12  was  devised  to  simulate 
this  situation.  The  initial  exposure  of  the  elastomers  to  the  conven¬ 
tional  fluid  for  three  days  at  70°  C  is  based  on  standard  accelerated 
test  conditions  simulating  extended  field  exposure.  These  conditions 
are  found  in  brake  fluid  specifications  (ref  A)  and  are  based  on  cor¬ 
relating  laboratory  and  field  test  observations.  In  this  study  it  was 
found  that  the  presoaking  in  conventional  fluids  would  not  affect  per¬ 
formance  in  silicone  fluids.  In  the  replacement  of  conventional  fluids 
with  silicone  fluids,  rubber  parts  already  in  the  system  would  not 
need  to  be  replaced. 


11 


(Page  12  Blank') 


SECTION  3.  APPENDICES 


APPENDIX  A  -  TABLES 


TABLE  PAGE 

A-l  TESTS  AT  AMBIENT  TEMPERATURE .  A- 3 

A- 2  TESTS  AT  70°  C  (158°  F) .  A-5 

A-3  TESTS  AT  120°  C  (248°  F)  .  A-6 

A- 4  50/50  MIXTURES  OF  SILICONE  AND  CONVENTIONAL  FLUID 

AMBIENT  TEMPERATURES . .  A- 7 

A-5  TESTS  AT  -18°  C  (0°  F) .  A-9 

A-6  CONTAMINATED  FLUIDS  (GRADE  10,  ENGINE  OIL)  AMBIENT 

TEMPERATURE .  A- 11 

A- 7  CONTAMINATED  FLUIDS  (SHOCK  ABSORBER  FLUID)  AMBIENT 

TEMPERATURE .  A-13 

A-8  CONTAMINATED  FLUIDS  (HYDRAULIC  FLUID)  AMBIENT 

TEMPERATURE .  A-15 

A-9  VARIOUS  MIXTURES  OF  SILICONE  AND  CONVENTIONAL 

FLUID  AMBIENT  TEMPERATURE  .  A-16 

A-10  NEOPRENE  TESTS  AT  212°  F .  A- 18 

A-ll  CONTAMINATED  FLUIDS  (WATER)  .  A-19 

A-12  PRE-SOAKED  IN  CONVENTIONAL  FLUID  .  A-21 


A-l 


(Page  A-2  Blank) 


unw 


TABLl  A-4.  SO/SO  MIXTURES  OF  SILICONE  AND  CONVENTIONAL  FLUID  AMBIENT  TEMPERATURE 
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TABLE  A- 10.  NEOPRENE  TESTS  AT  212°  F 


Conditions3 

Time 

Neoprene 

Silicone  Base 

Sample  1 

b  _ 

c 

Compatibility 

3  days 

-  2 

3.56 

Fluid  (RM70) 

7  days 
Sample  2 

-  3 

9.43 

3  days 

-  3 

7.47 

7  days 

-  3 

16.1 

Conventional 

Sample  1 

Compatibility 

3  days 

-  7 

17.2 

Fluid 

7  days 

-18 

21.9 

(RM66-06) 

Sample  2 

3  days 

-  8 

16.4 

7  days 

-18 

21.2 

Silicone  Base 

Sample  1 

Fluid  Code  A 

3  days 

±  0 

1.79 

7  days 
Sample  2 

±  0 

6.86 

3  days 

±  0 

4.00 

7  days 

±  3 

12.9 

Silicone  Base 

Sample  1 

Fluid  Code  B 

3  days 

±  0 

1.57 

7  days 
Sample  2 

±  2 

5.45 

3  days 

±  2 

0.142 

7  days 

±  6 

4.67 

Silicone  Base 

Sample  1 

Fluid  Code  C 

3  days 

-  7 

4.93 

7  days 
Sample  2 

-  7 

10.7 

3  days 

-11 

8.35 

7  days 

-10 

14.1 

aTest  No.  10  neoprene  rubber  at  212°  F. 
^Change  in  hardness  (points,  Shore  D) . 
cChange  in  volume  (percent). 
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